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FIELD OF THE INVENTION 
The present invention generally relates to liquid crystal displays (LCDs), 
and mo,B particularly relates to touch screen data ent^ LCDs, and even more 
particulariy relates to methods and apparatus for detecting a touch or tap upon a 
screen of LCDs. 
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BACKGROUND OF THE INVENTION 
in the past, LCDs have been used in a wide variety of environments, 
inciudingdisplayswithinthecocKpitofan aircraft. In some airoraft, . is desirable 

to have touch screen LCDs. Many of these touch sc,«en displays use 
transparent and conducuve layers across the Viewing surface to effect the touch 

screen capabilities. Ott,er prior art systems use pairs of light transmitters and 
detectorsdisposedaroundtheperiphe^ofthedispiay. These light transmitter 
and detector pairs are similar to what is shown in U.S. Patent 3,775,560 
assigned to the University of Illinois Research Foundation. 

While these LCD touch screen systems may have many advantages in 
particular uses, they also have created challenges. One common challenge 
created by the conducHve layer type touch screen sensor is the degradatbn of 

the image to be viewed. Another problem with the prior art light transmitter/- 
sensor pair type of touch screen, in addKion to the relativelyhlgh cost, occurs 

When these light transmitter/sensor pairs are used when a pilot Is using a n^ht 
vision imaging system, hereafter NVIS. These light transmWers can interfere 
with the optimal performance of an NViS. 

Consequently, there exists a need for improved methods and apparatus 
for data entry into LCDs, via touch screens. 
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SUMMARY OF THE INVENTION 
,t is an obiect of the present invention to provldeLCDt^^^^ 
capabilities. 

„ is another object of the present invention to provide an LCD with 
improved perfom,ance over many prior art touch screens. 

itisafeature of present invention to utiiizeapiurality of shoc^ave 
detectors disposed about the perimeter of the viewing surface. 

„ is an advantage of the present invention to avoid the i<nown 
shortcomings of the conduct^eiayer and light transminer/sensor pair type of 

touch screens. 

The present invention is an apparatus and method for providing data 
entry via touch screen, for an LCD which is designed to satisfy the 
aforementioned needs, p^vide the previously stated objects, inciude the above- 
iisted features and achieve the already articulated advantages. The present 
invention is carried out in an "increased reflection-less and image degradat,on- 
,ess" manner inasense that the increased reflection and/or image degradation 
associated wlthaconducuvelayertypeof touch screen overthevlewingsurface 
,as been eliminated, or at least greasy reduced. Addltionally.the present 
invention is carried out ina-llghtpoilution-iess-mannermthe sense that the 
undesirable light associated with the light transmitter/detector pair type of touch 

screen has been eliminated, or at least greatly reduced. 
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Acoordingly, the present invention is an LCD touct, screen system 
inOudingaplurality of shoc^ave sense, disposed about the periphe^o, the 

Viewing surface o, an LCD,where the shccKwave sensors detect shoc^aves 
which emanate from a point on the screen that is touched. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The Invention may be more fully understood by reading the foregoing 
description of the preferred embodiments of the invention/, coniun 

appended drawings wherein: 

Figure 1 is a simplf^ed perspective and partially cut-away diagram of the 
LCD touch screen system of the present invention. Which ir,cludesaperipheral 
a.ay of shockv-ave sensors exposed in the cut-away section. The concentnc 
Circles on the face of the viewing surface represent shocKwaves emanating from 

a point that has been tapped by a user. 

Figure 2 is a simplffled view of the several layers of the LCD display 
showing the details of the Shockwave sensors. 
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DETAILED DESCRIPTION 

Now referring to the drawings wherein like numerals refer to like matter 
th«)ughout, and more speotolly to Figure 1 , there is shown an LCD with touch 
screen system of the present invention, generally designated 100. The 
description herein focuses upon LCD systems used in the cockpit of an aircraft 
because it is believed that many of the features of the present invention are 
particularly well suted for use In an aviation environment. However, ft should be 
understood that other envin^nments are equally applicable, and they are intended 
,0 be included within the scope of the present invention. LCD system 1 00 
includes a viewing surface 102, which could be any type of liquid crystal material, 
but a multi-domain vertically aligned liquid crystal may be preferred. A bezel 104 
is Shown about the periphery of the viewing surface 102. A Jagged cut-away line 
105 represents an edge of a portion of the bezel 104 which is cut away. The 
dashed line 109 represents the location of the normal edge of bezel 104 wKhout 
being cut away. A top periphe^ array 1 06 of Shockwave sensors is shown 
exposed. Similarly, a bottom periphery array 107 and a right periphery array 108 
of Shockwave sensors shown exposed as well. The number of individual 
Shockwave detectors in each array depends upon the type of method used to 
pinpoint the location of the touch. Each array could be just one sensor, such as 
sensors 1061, 1071, and 1081 if a triangulatton approach is used to pinpoint the 
location. If a row and column approach is used, then many sensors would be 
needed, depending upon the degree of precision that can be achieved with the 
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touch screen system. A tap or touch point 1 1 0 is shown with a pluralfty of 
concentric circles 1 12 representing Shockwaves emanating therefrom as a result 
of a finger or stylus tapping the viewing surface 102. The larger concentric 
circles 1 1 2 represent positions of an expanding wavefront of a Shockwave as 
time increases. 

With respect to the triangulation method, the relative time of anrival of the 
Shockwave is measured at each of the sensors 1061. 1071, and 1081. Then a 
triangulation computatton is used to pinpoint the location of tap. The exact 
triangulation method used could depend upon the number of sensors used and 
the characteristics of propagation of a Shockwave in the particular liquid cn^tal 
material. Propagation rates may also be calibrated for temperature and also may 
be adjusted, depending on the amount of infomiation being displayed during the 
propagation, in another embodiment, one might only read the activated sensors 
ir, between frames in the field of date. Also, assuming the Shockwave 
propagates thmugh the liquid crystal material at a known propagation rate, then 
as few as three (3) sensors could be used to pinpoint the location. Since 
propagation rates may vary, depending upon environmental conditions of the 
liquid crystal material, additional sensors could be employed in the determination 
of the location of the tap. Economic and perfomiance requirements may be 
imporiant in determining the number of sensors and the triangulation method 
employed. 
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With respect to the row and column approach with its many sensors, the 
flrst Shockwave top detection point 1 14 is a location of one of the top array 106 of 
sensorswhichisfi,.tcontactedbyashockwave. First Shockwave dght detection 
point 1 16 is a iocatioh of a first one of the right array 108 of Shockwave sensors 
which detects a Shockwave emanating from touch point 110. 

Now referring to Figure 2, there is shown a cross-sectional view generally 
designated 200. of an LCD 1 00 taken on line 2-2 of Figure 1 . Viewing surface 
102 is shown between sections of bezel 104. Viewable area boundary line 209 is 
shown as a dashed line extending below the bezel 104 and indicating the 
boundary between the viewable and non-viewable areas. The LCD 100 includes 
a liquid ciystal material 202. Liquid crystal material 202 is preferably a multi- 
domain vertically aligned liquid cystal material, but other types of liquid crystal 
material could be used as well, with appropriate adjustments being made. An 
active electronic element 206 is shown disposed below liquid crystal material 
202. Active electronic element 206 could be a layer of electronics, such as thin 
film transistors (TFTs). Note the relative thickness of the liquid crystal material 
202, active electronic element 206 and passive optical element 204 are not as 
shown in the drawing. Passive optical element 204 could be a polarizer or other 
optical element with some known level of reflectivity. Backlight 212 is shown 
disposed behind the active electronic element 206. In a preferred embodiment of 
the present invention, top array 1 06 of Shockwave detectors includes flr^ 
detector 1061, which can be any type of detector, including electrical sensors. 
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optol sensors, etc. FW optoelectronic sensor 214 is shown disposed in the 
non-Viewable section of the display and is preferably a light sensor which detects 
the level of light incident thereon f-om above; i.e., passing th«,ugh the liquid 
crystal material 202. First reflection a,«a 216 can be an element disposed on 
passive optical element 204 or merely a segment of passive optical element 204. 
Similady, on the opposing side of viewing surface 102, there is shown second 
opto-elect^nlc sensor 218 and second reflection area 220. The reflectton here 
may be full or partial reflection. In some embodiments, it may be desirable to 
pass one polarization state and reflect others. S«ll other types of partial or 
selective reflectors could be employed. First opto-electronic sensor 214 and 
second opto-electronlc sensor 218 have first signal line 21 5 and second signal 
line 219 respectively carrying a signal representative of a measured 
Characteristic of the liquid c^sta, material 202. Location detem-ination pK>cessor 
222 accepts signals from flrst signal line 215, second signal line 219 and third 
signal line 224 and generates a determination of a location of a point on viewing 
surface 102 where a tap occurred. Location detem,ination processor 222 can be 
any type of device which perfom^s the function of making location determination, 
such as a microprocessor, a dedicated co-processor, shared processor, 
dedicated circuitry, combinations of hardware and software, etc. 

,n operation, the apparatus and method of the present invention could 
function as follows: 
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in the triangulation approach: a user touches a touch point 1 10 on viewing 
surface 102. A Shockwave emanates from the touch point and travels toward the 
periphery of the viewing surface. The Shockwave is detected by sensor 1061 . 
then by sensor 1081 and finally by sensorl 071. The relative times of arhval are 
detem,ined. Using triangulation techniques, the location of touch point 1 10 is 
determined. Of course, more than three sensors could be employed with the 
triangulation method. The tem. -triangulation- is used herein to refer to a method 
Where the magnitude or duration of a relative time delay is used to detemiine 
location of a touch point 110. This is distinguished from the mw and column 
approach where the magnitude or duratton of the relative time delay is not 
necessary. Only the fact that one sensor detects before another does is needed. 

In the row and column approach, a user touches touch point 1 10 on 
viewing surface 102. A Shockwave emanates from the touch point and 
propagates toward the periphery of the viewing surface. The Shockwave is 
detected at a first Shockwave top detection point 114, because of fts proximfty to 
the touch point 1 1 0, A first Shockwave right detection point 1 1 6 is closest to the 
touch point 1 10; so it detects the Shockwave on the right side sooner than all 
others. The top array 106 of Shockwave detectors and right array 108 of 
Shockwave detectors essenfially define a grid of rows and columns. The location 
of the touch point 1 10 can be detem,ined by detecting the first Shockwave top 
detection point 114, which detem,ines the column associated wHh touch point 
11 0 and first Shockwave right detection point 116, which detemiines the row of 
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touch point 110. Additional arrays of Shockwave detectors can be deployed 
along the entire periphery of the viewing surface 102. These additional arrays 
could provide additional or redundant sources of information. Top array 106 of 
Shockwave detectors may be conf^ured to detect changes in capacitance, 
resistance, other electrical characteristics, polarization state, transmissivity, or 
other optical or electro^ptical characteristics of the liquid crystal media which 
may change as a function of presence of a Shockwave propagating through said 
liquid crystal material. 

It is thought that the method and apparatus of the present invention will be 
understood from the foregoing description and that it will be apparent that various 
changes may be made in the fom,, oonstmct steps and arrangement of the parts 
and steps thereof without departing from the spirit and scope of the invention or 
sacrificing all of their material advantages. The fom, herein described is merely a 
preferred exemplary embodiment thereof. 
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